Weinstein AM. A mathematical model of the rat nephron: glucose transport.
A CLASSIC VIEW OF KIDNEY function has been that of highcapacity proximal reabsorption of about two-thirds of glomerular filtrate, with regulated transport in distal segments. If one includes the loop of Henle (LOH) with the proximal bookkeeping, then distal regulation starts working with about 20% of filtrate and 10% of filtered Na ϩ . Regulatory processes are in place to preserve constancy of distal delivery. These include proximal glomerulotubular balance (GTB), acting to match fractional changes in epithelial transport with changes in filtration, and tubuloglomerular feedback (TGF), modulating glomerular filtration so as to counter alterations in distal flow. Considerable experimental attention has been dedicated to both of these homeostatic processes, and they have each been the focus of a number of mathematical models. What has received less attention in the modeling literature is the efficacy of these signals to actually achieve appropriate proximal-to-distal balance, and to prevent gross distortions of fluid and electrolyte excretion. Prior mathematical models, which can represent the whole kidney, have focused largely on medullary function and regulation of water and urea, and to some extent Na ϩ excretion (15, 16, 27, 42) . That work gave relatively little attention to cortical transport, either in proximal tubules or in cortical distal nephron. The most comprehensive modeling consideration of the regulation of renal sodium excretion has come with the recent work by Moss and Thomas (23) . That work provides segmental representations of Na ϩ and urea fluxes and gives careful attention to cortical transport, including intrarenal regulation and hormonal signals. In all of the prior kidney simulations there has been little representation of electrolyte or acid/base transport.
Over the past 30 years, a complete library of renal tubular models, representing transport of Na ϩ , K ϩ , Cl Ϫ , and urea, as well as acid-base fluxes (phosphate, ammonia, and carbon dioxide species), has been developed. In prior work, the distal segments were concatenated to simulate the full ensemble of distal nephrons (DN) for a single rat kidney, from the distal convoluted tubule (DCT) through the inner medullary collecting duct (IMCD). That model was used to examine the impact of diuretics on renal acid-base handling (37) , as well as distal nephron handling of K ϩ in hypovolemic states (38) . Most recently, the superficial proximal convoluted tubule (PCT) model, capable of representing GTB (41) , was extended by addition of a LOH; both superficial and juxtamedullary nephrons were fashioned (40) . That work included proximal straight tubules (PST) and thin Henle limbs, concatenated with previously published models of medullary and cortical thick ascending Henle limbs (AHL); that model also included representation of TGF. In the present work, the PCT-LOH and DN models are fused into a simulation of the full ensemble of kidney tubules. There is a single population of superficial nephrons along with five classes of juxtamedullary nephrons of variable depth, each with its own DCT, and all coalescing at the start of the connecting segment (CNT). The focus of this model is on conditions of altered proximal tubule transport, as with hyperglycemia, inhibition of PCT glucose transport, and osmotic diuresis. The model provides predictions of the impact of altered proximal fluxes on distal nephron transport and whole kidney electrolyte excretion.
MODEL FORMULATION
The scope of the present model is shown in Fig. 1 , depicting renal tubules from PCT through IMCD. The model is comprised of 24,000 superficial (SF) nephrons and 12,400 juxtamedullary (JM) nephrons of varying length. JM nephron number declines with inner medullary depth, and this is captured in the model by solving for 5 distinct classes of JM nephrons: 6,400 turn at 1 mm; 3,200 at 2 mm; 1,600 at 3 mm; 800 at 4 mm; and 400 span the full 5 mm of inner medulla. The total nephron number, as well as the SF-to-JM ratio are consistent with measurements from rat kidney made by Knepper et al. (14) . Specifically, Fig. 7 from that work shows an approximate factor of 3 ratio in the number of AHL counted in the outer medulla, compared with AHL counted at the base of the inner medulla, implying JM loops are about a third of the total population. The nephron populations chosen here are virtually identical to those of Moss and Thomas (23) . In the model formulation, nephrons within any class (1 SF and 5 JM) are identical, and may be referred to as a single nephron in a description of members of the class. Each of the six model nephrons (1 SF plus 5 JM) must have its own AHL and DCT, due to the different depths from which ascending flows reach the outer medulla. By virtue of distinct TGF signals, each of the JM nephrons must have its own PCT and descending segments. In all, each of the six nephrons must be solved from the initial PCT through the point of merger at the initial CNT. At that point, the six luminal fluid flows mix to define the composition of entering CNT fluid, and the six end-DCT hydrostatic pressures must all be equal to the initial CNT pressure.
The mixing problem at the initial CNT requires conservation equations with multiple buffers. This begins with specifying an expression for the (steady-state) generation of volume and solute, s M (v) and s M (i), at the point of mixing, namely the CNT initial flow minus aggregate delivery from the six DCT:
F M ͑ DCT, k, i ͒ (2) in which F vM and F M (i) are axial flows of volume and solute i in the designated tubule. With these apparent source terms, mass conservation for the non-reacting species is
and conservation of the phosphate and ammonia buffer pairs is
For all acid-base pairs, a second equation expresses pH equilibrium
Corresponding to the rapid protonation of HCO 3 Ϫ and slower CO 2 hydration/dehydration
it is assumed that at the point of mixing, there is no time for CO 2 and water to react,
This is a departure from all other segmental intervals of finite length, for which there is a non-negligible transit time. To track conservation of protons, there must be an equation for charge conservation of all of the reacting buffer species 14. baseline conditions. In the top pane, hydrostatic pressures are plotted for the superficial (SF) nephron and for 2 juxtamedullary (JM) nephrons which descend 2 and 5 mm into the inner medulla. Ascending segments are aligned so that all medullary ascending Henle limbs (AHLm) start at x ϭ 2.1 cm. In the bottom pane, axial volume flow is plotted for the totality of SF and JM nephrons. Tubules coalesce at the start of the CNT (x ϭ 2.6 cm), so at that point the 2 flows add, and from that point on there is a single hydrostatic pressure and volume flow for the totality of distal nephrons.
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Hydrostatic
Once each nephron has been solved from PCT through DCT, Eqs. 1-10 (along with phosphate and ammonia equilibria) are solved once to supply the 12 entering solute concentrations for the distal nephron. For each nephron, an initial proximal tubule hydrostatic pressure is assumed, and the downstream pressures through DCT are determined according to a Poiseuille flow equation. Where the six nephrons coalesce, at the start of CNT, the six end-DCT pressures must agree. In this model, initial CNT pressure has been assumed proportional to distal flow, according to a lumped distal resistance, ⍀ DN :
In the model calculations, ⍀ DN ϭ 0.05 mmHg/(l/min), so that for a baseline distal delivery of about 0.2 ml/min, initial CNT pressure is about 10 mmHg. For the CNT and CD segments, which follow, local Poiseuille flow equations determine further changes in luminal hydrostatic pressure. Beyond ensuring that tubule pressure will be sensitive to distal volume delivery, the choice of this formulation, rather than a prespecified end-IMCD pressure, is the ability to get the model equations to converge to a solution. IMCD flow is a tiny fraction of proximal flow, but perturbations of IMCD pressure are transmitted back to the proximal tubule where (by virtue of compliance) they can have a large (relative to IMCD flow) effect on proximal reabsorption, thus rendering the calculation unstable. The equality of end-DCT hydrostatic pressure at the initial CNT provides a weak coupling of all six nephrons: if one nephron changes its fluid flow, then distal delivery changes, and thus initial CNT pressure will change, thus changing PCT pressures in the other five nephrons. Thus the 13 global model variables are the initial pressures and flows for the 6 nephrons plus the initial CNT pressure. The 13 model equations are the 6 TGF relationships for each nephron (Eq. 22 in Ref. 40) , the 6 identity conditions for end-DCT and initial CNT hydrostatic pressure, plus the distal flow condition expressed in Eq. 11. Starting with initial guesses, the model equations yield error terms; and then sequential perturbation of each guess (and reintegration of the full model) provides the derivative of the errors with respect to the initial guesses. In all, 13 additional model integrations are required to compute this derivative, which is used to update the guesses. The process is repeated to reduce the magnitude of the errors to the desired tolerance.
MODEL CALCULATIONS
Baseline Conditions
The baseline conditions for each of the model nephrons have been set out in the companion paper (40) . For those parameters, interstitial concentrations, and entering flows, the model equations have been solved, and the results are displayed in Figs. 2, 3 and 4, and Table 1 . Figure 2 shows pressures and volume flow. The abscissa is distance along the nephron, parameterized according to the longest of the JM tubules, and plotted so that all of the ascending segments meet at the CNT. Thus for each nephron, the outer medullary portion of the descending Henle limb ends at x ϭ 1.1 cm, and the medullary AHL begins at x ϭ 2.1 cm, so that CNT starts at x ϭ 2.6 cm. In the top pane of (top tier), K ϩ (middle tier), and urea (bottom tier): baseline conditions. In each tier, the left panes display glomerular filtration (first pair of bars) and proximal convoluted tubule (PCT) reabsorption (second pair of bars); the 2 bars of each pair correspond to SF and JM nephrons. The middle panes display reabsorption (negative deflection) or secretion (positive deflection) along the remainder of each nephron through the DCT (note scale change from the left panes). The right panes show delivery and transport in the distal nephron, with urinary solute excretion as the terminal bar.
2, pressures are shown for the SF nephron, a short JM nephron, which descends 2 mm into IM, and the longest of the JM nephrons. All of the pressure drops are small, with end-IMCD at 8.3 mmHg and initial CNT pressure at 9.6 mmHg; proximal tubule pressures are between 11 and 15 mmHg, with a 3.4 mmHg drop along SFPCT and 1.8 and 2.0 mmHg along the two JMPCT. Volume flows appear in the bottom pane of Fig.  2 , which shows one curve for SF nephron flows, and a second curve, which is the sum of all JM flows at any given point. It is notable that the two nephron populations contribute approximately equally to total GFR (1.54 ml/min), and that just under two-thirds of the filtrate is reabsorbed in each PCT (62 and 64%, respectively). The step-ladder pattern to the inner medullary JM flows reflects the five IM levels at which nephrons are turning. At the junction between DCT and CNT, the two flows for SF and JM (112 and 81 l/min. respectively) add to become 193 l/min at the initial CNT; final urine flow is 17 l/min, about 1.1% of GFR.
The baseline solute flows and fluxes are summarized in Table 1 4 ϩ ϩtitratable acid (TA) Ϫ HCO 3 Ϫ ] The bar graph format is the same for each solute: in the left and middle panes, there are pairs of bars, representing fluxes for all SF nephrons and all JM nephrons. The first pair is initial PCT delivery (GFR to those nephrons), and subsequent pairs show segmental subtraction or addition (reabsorption or secretion) for the segments reaching to CNT; the final pair of bars is delivery to CNT. In the right pane, the first bar is the sum of the SF and JM contributions to the initial flow (the sum of the last two bars in the middle pane); the next four bars show segmental transport; and the last bar is solute excretion. With respect to Na ϩ , the notable feature is that for both SF and JM nephrons, filtered loads are comparable, and at the entry to CNT the delivered loads are comparable. An important difference between the two is that the JM nephrons leave Na ϩ within the IM (reabsorption from lDHLl and tAHL), so that relatively less Na ϩ is reabsorbed in AHL. This diffusive flux of Na ϩ across IM thin limbs had been noted previously (40) , and for the full ensemble of JM nephrons, the combined flux across long descending Henle limb (lDHLl) plus thin ascending Henle limb (tAHL) amounts to about 8% of the filtered load. Final Na ϩ excretion is 1.5 mol/min, about 0.7% of filtered load. K ϩ transport is shown in the middle tier of Fig. 3 , which shows reabsorption in the proximal tubule and LOH, and delivery of relatively minor amounts to CNT (about 11% of filtered load). K ϩ secretion within CNT is about 61% of filtered load, while CCD K ϩ flux is relatively small. This reflects the fact that CCD K ϩ concentrations are from 60 to 70 mM, which exceed the ability of that epithelium to secrete K ϩ against an electrochemical gradient (35) . Overall, about 50% of K ϩ delivered to the cortical collecting duct appears in the urine, which is comparable to micropuncture observations (22) . bottom tier). From sDHL to CNT, there is little change in SF urea flow. JM nephrons take up a large urea load in lDHLl, and give back about 30% of it in tAHL. With respect to the individual JM loops, there is increasing countercurrent exchange as the loops lengthen: for the shortest JM (1-mm loop), there is urea secretion into both lDHLl and tAHL; for the loops of depth 2, 3, 4, and 5 mm, tAHL urea reabsorption is 16, 55, 74, and 84% of the urea secreted into lDHLl. The relatively low aggregate JM urea recycling reflects the smaller number of deep loops. Urea delivery to the cortex is about 83% of the filtered load, and excreted urea is about 65% of the filtered load. The final urea concentration is 303 mM, reflecting the relatively high urine flow rate, and low urine osmolality (873 mosmol/kgH 2 O). See the text for definitions.
Acid-base handling under baseline conditions is shown in Fig. 4 : top tier, (HCO 3 Ϫ transport); middle tier, (NH 4 ϩ transport); and bottom tier (net acid fluxes). In SF and JM nephrons, PCT HCO 3 Ϫ reabsorption is 76 and 88%, respectively; the remainder is largely reabsorbed in AHL, so that only about 1% of the filtered load is flowing at the start of CNT, at which lumen HCO 3 Ϫ is 2.4 mM, with pH ϭ 6.18. From CNT through IMCD, there is continuing acidification, although reabsorption of water actually raises the final HCO 3 Ϫ to 4.3 mM and pH to 6.39; final HCO 3 Ϫ excretion is 0.07 mol/min. NH 4 ϩ secretion is most prominent in PST, due to the high OM interstitial ammonia concentration, and for both SF and JM nephrons all of this secreted NH 4 ϩ is reabsorbed in the cortical AHL (AHLc). Compared with medullary AHL (AHLm), AHLc 4 ϩ concentration, and by the lower luminal K ϩ concentration in AHLc. There is NH 4 ϩ addition along the entire CD, so that final urine NH 4 ϩ concentration is 38 mM and NH 4 ϩ excretion is 0.63 mol/min. Net acid flow increases along all nephron segments, with the exception of the CCD, where ␤ cell activity is dominant. SF and JM nephrons differ in the rate of luminal acidification in AHLm, due to lower HCO 3 Ϫ delivery from JMPCT to LOH, but net acid delivery to CNT from both nephron classes is nearly equal. Overall, baseline net acid excretion by this model kidney is 1.12 mol/min. This implies a TA excretion rate of 0.56 mol/min. These whole kidney excretion rates may be compared with experimental measurements, summarized in Table 4 of (36), where both TA and NH 4 ϩ excretion rates will be found similar to reports from DuBose and Caflisch (7), Jaeger et al. (12), Karlmark et al. (13) , and Walls et al. (32) .
Hyperglycemia
What this model adds to the calculations of its proximal tubule-LOH predecessor (40) is the ability to quantify the distal impact of changes in proximal function. Table 2 and Figs. 5, 6, and 7 display results from a simulation in which ambient glucose is increased to 10 mM, a concentration in which proximal glucose reabsorption is still complete. The top pane of Fig. 5 shows axial profiles of pressure in three nephrons (SF and a short and long JM); the bottom pane shows volume flow along SF and the aggregate JM nephron population. Compared with baseline conditions, whole kidney GFR is increased by about 8.5% to 1.7 ml/min, although distal delivery (CNT flow) is reduced by 13% to 168 l/min, and final urine flow is Ͻ50% of baseline, 8 l/min. The widening of the difference between proximal and distal flows reflects the increase in absolute PCT reabsorption with hyperglycemia, from 966 to 1,140 l/min. This 18% increase in volume reabsorption with only a 5 mM increase in glucose concentration reflects the impact of greater axial flow velocity on transcellular Na ϩ flux, which is augmented by increased paracellular convective Na ϩ flux (34) . Distal hydrostatic pressures with hyperglycemia are little changed from baseline, due to Eq. 11, in which distal pressures are computed according to CNT delivery, rather than final urine. Indeed, the relatively constant distal volume reabsorption (perhaps its lack of flow dependence) poses a problem for simulations of reduced distal delivery, in which tubule flow can become zero before the tubule end. In the model, hyperglycemic PCT hydrostatic pressures are no greater than in the baseline case, despite the increase in SNGFR, and this reflects the decrease in PCT pressure drop with the greater PCT fluid reabsorption.
Figures 6 and 7 display segmental solute fluxes, which show that there is reduced excretion of Na ϩ , K ϩ , and urea, with little change in net acid. The 28% decrease in distal Na ϩ delivery from baseline (12.0-8.6 mol/min) derives from a 13% reduction in CNT volume flow and an 18% reduction in Na ϩ concentration (62-51 mM). This decrease in luminal Na ϩ concentration is due in part to the increase in AHL contact time, and the inverse relationship of AHL flow and macula densa salt concentration. With a reduction in Na ϩ delivery, absolute CNT Na ϩ reabsorption is reduced to 7.7 mol/min (compared with baseline 8.9 mol/min), although the fractional CNT Na ϩ reabsorption increases from 74 to 90%. The remaining segmental Na ϩ fluxes are small, and final Na ϩ excretion is about 0.5 mol/min, a reduction of 67% from baseline. Both the reductions in CNT Na ϩ delivery and volume flow impact K ϩ excretion. Reduced CNT Na ϩ reabsorption takes K ϩ secretion from 4.7 (baseline) to 4.0 mol/min. Beyond that, slower volume flow along the CD increases K ϩ reabsorption from 2.8 to 3.3 mol/min. The combined effect is a halving of K ϩ excretion from 2.8 to 1.5 mol/min. The lower axial volume flows also reduce urea excretion, both by decreasing distal delivery (suggesting enhanced medullary countercurrent exchange) and by enhancing reabsorption in OMCD (where peritubular urea is low). At lower distal flow, HCO 3 Ϫ excretion goes to near zero, reflecting the decrease in urine flow plus the 50% reduction in urine HCO 3 Ϫ to 2.1 mM (pH 6.18). With the reduction in pH, there is an increase in luminal NH 4 ϩ concentration to 58 mM, although the decrease in urine flow provides for an overall reduction in NH 4 ϩ excretion to 0.46 mol/min. TA concentration increases with the lower urine pH, which in this case dominates the flow effect, so that excretion increases slightly to 0.59 mol/min. Summing the decrease in HCO 3 Ϫ excretion, the increase in TA excretion, and the decrease in NH 4 ϩ excretion, the impact on net acid excretion is small (8% reduction from baseline).
The calculations of Table 3 and Figs. 8, 9, and 10 are done under baseline conditions (5 mM ambient glucose), with the exception of a 95% reduction in 1Na ϩ :1glucose cotransporter (SGLT2) activity in both SFPCT and JMPCT. In Fig. 8 , the top pane displays luminal glucose concentration along SF nephrons and along the longest of the JM nephrons. Along both SFPCT and JMPCT, the glucose concentration changes little, increasing from 5 to 6 mM; i.e., glucose reabsorption now keeps pace with volume reabsorption. Despite water reabsorption in PST, there is a small decrease in glucose concentration in SFPST and JMPST, where glucose reabsorption proceeds via SGLT1. Within thin limbs, water reabsorption yields an increase in luminal glucose in both short and long loops, to about 8.9 and 16.6 mM, at their respective loop bends. Of note, the mixed glucose concentration at initial CNT is quite close to that of the SF nephrons. This derives from the fact that there is spread in long loop glucose concentrations at end-DCT. At its bend, the shortest and most abundant of the long loops actually has a lower glucose concentration, 8.4 mM, than at the tip of the SF loop. This derives from the observation noted in Table 4 of the companion paper (40) that TGF activation increases from the longest to the shortest of the long loops, so that the shortest of these long loops is best able to reabsorb filtered glucose. By the end of the collecting duct, urine glucose concentration has increased to 46 mM. The bottom pane of Fig.  8 displays the glucose flows within SF and combined JM nephrons, and then in the common CNT-CD. The filtered load of glucose for the whole kidney is about 6.6 mol/min, and excreted glucose is 2.4 mol/min. Thus, with SGLT2 inhibition, total proximal glucose reabsorption is 4.2 mol/min, compared with 7.7 mol/min under baseline conditions (Table 3 ).
The top pane of Fig. 9 shows axial profiles of pressure in three nephrons (SF and short and long JM); the bottom pane shows volume flow along SF and the aggregate JM nephron population. Compared with baseline conditions, whole kidney GFR is decreased by about 14% to 1.33 ml/min, due to TGF activation by the increase in distal delivery (CNT flow increases 30% to 249 l/min); final urine flow, 52 l/min, is about three times baseline. Under baseline conditions, total PCT volume reabsorption is 966 l/min (63% of GFR), and with SGLT2 inhibition it decreases to 684 l/min (52% of GFR). Thus the impact of altered glucose transport on proximal volume reabsorption (29% reduction) is greater than what might be expected from the simple reduction in GFR. In this simulation of SGLT2 inhibition, the glucose concentration along luminal SFPCT and JMPCT changes little (staying from 5 to 6 mM); i.e., glucose reabsorption now keeps pace with volume reabsorption. The presence of this additional luminal osmole (normally depleted within the first 2 mm of tubule length) acts to blunt volume reabsorption. Distal hydrostatic pressures with SGLT2 inhibition are increased to 12.4 mmHg at initial CNT, and 9.8 mmHg at end-IMCD (compared with baseline 9.6 and 8.3 mmHg), due to the increase in distal flows. The increase in PCT pressure reflects the distal increase, although the pressure drop along PCT is reduced. The lower PCT pressure drop reflects the lower PCT flow and also the larger crosssectional area of this compliant tubule. Figure 10 and Table 3 display segmental solute fluxes with SGLT2 inhibition; in broad terms, they show increased excretion of Na ϩ , K ϩ , and urea, with little change in net acid. The 72% increase in distal Na ϩ delivery from baseline (12.0 to 20.6 mol/min) derives from a combined 29% increase in volume flow and 34% increase in Na ϩ concentration (62-83 mM).
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240. With enhanced distal delivery, absolute CNT Na ϩ reabsorption is increased to 10.1 mol/min (compared with baseline 8.9 mol/min), although fractional CNT Na ϩ reabsorption decreases from 74 to 49% of the entering flow. The remaining segmental Na ϩ fluxes are small, and absolute Na ϩ excretion is 7.6 mol/min, about five times baseline excretion. Taking into account TGF-mediated reduction of GFR, the fractional excretion of Na ϩ (4%) with SGLT2 inhibition is six times baseline. Both the increases in CNT Na ϩ delivery and volume flow increase K ϩ excretion. Enhanced CNT Na ϩ reabsorption takes K ϩ secretion from 4.7 (baseline) to 5.3 mol/min. Beyond that, faster volume flow along the CD changes CCD K ϩ flux from reabsorptive to slightly secretory, and decreases total CD K ϩ reabsorption from 2.8 to 1.5 mol/min. The combined effect is an increase in K ϩ excretion from 2.8 to 4.7 mol/min, so that compared with baseline, the fractional excretion of K ϩ goes from 36 to 71%. The higher axial volume flows also produce a doubling of absolute urea excretion, both by increasing distal delivery and by enhancing secretion in IMCD (where peritubular urea is high). With higher distal flow, HCO 3 Ϫ excretion increases from 0.07 to 0.38 mol/min, reflecting the increase in urine flow plus the increase in urine HCO 3 Ϫ to 7.3 mM (pH 6.54). With the increase in urine pH, there is a decrease in urinary NH 4 ϩ concentration to 18 mM, although the increase in urine flow provides for an overall increase in NH 4 ϩ excretion from 0.63 to 0.94 mol/min. At higher urine pH, one would expect reduced TA excretion, but in fact it remains constant (0.56 mol/min at baseline and 0.60 mol/min with SGLT2 inhibition). This reflects an increase in absolute phosphate excretion from 1.1 to 1.3 mol/min. With SGLT2 inhibition, fractional proximal tubule phosphate reabsorption decreases from a baseline of 73 to 61% of filtered load, and this is consistent with the magnitude of the overall flow-mediated reduction in PCT transport. In sum, counterbalancing changes in both HCO 3 Ϫ and NH 4 ϩ excretion yield no change in net acid excretion (1.12 to 1.16 mol/min).
Osmotic Diuresis
Osmotic diuresis is represented by setting ambient glucose concentrations (lumen and blood) to 30 mM, so that glycosuria ensues. Table 4 and Figs. 11, 12, and 13 contain the results of this simulation, which show similarities and differences with the diuresis of SGLT2 inhibition. In Fig. 11 , the top pane displays luminal glucose concentration along SF nephrons and along the longest of the JM nephrons. Within both SFPCT and JMPCT, the glucose concentration drops sharply, decreasing to 20.0 and 10.9. Despite continued glucose reabsorption in PST, water reabsorption increases luminal glucose concentration in both SFPST and JMPST, and continues to concentrate luminal glucose in thin limbs. Within the thin limbs, water reabsorption yields an increase in luminal glucose in both short and long loops, to about 35 mM, at their respective loop bends. At the point of mixing in early CNT, luminal glucose concentrations are quite close for SF and JM nephrons, and by the end of the collecting duct, urine glucose concentration has increased to 155 mM, with a final urine osmolality of 762 mosmol/kgH 2 O. The bottom pane of Fig. 11 displays the glucose flows within Fig. 12 shows axial profiles of pressure in three nephrons (SF and short and long JM); the bottom pane shows volume flow along SF and the aggregate JM nephron population. Compared with baseline conditions, TGF decreases whole kidney GFR only slightly to 1.48 ml/min (from 1.54); CNT flow increases to 234 l/min, and final urine flow to 52 l/min. The decrease in GFR is much less than the reduction seen with SGLT2 inhibition; CNT flows are comparable; and urine flows are identical. The difference in TGF effect is due to the lower NaCl concentration at end-AHL in the presence of glucose. In superficial nephrons, for example, end-AHL Na ϩ and Cl Ϫ concentrations are 83 and 67 mM with 35 mM glucose, compared with 93 and 79 mM with 9 mM glucose in the SGLT2 simulation; baseline concentrations of Na ϩ and Cl Ϫ are 77 and 65 mM. It is also notable that with osmotic diuresis, the reduction in GFR derives largely from JM nephrons, in which luminal glucose has a greater impact on luminal Cl Ϫ . For example, in the longest JM nephron, end-AHL Na ϩ and Cl Ϫ concentrations are 81 and 76 mM, compared with 70 and 65 mM at baseline. The higher CNT volume flow with osmotic diuresis provides an increased CNT hydrostatic pressure, 11.7 mmHg (according to Eq. 11), and end-IMCD pressure, 9.2 mmHg. As with SGLT2 inhibition, the increase in PCT pressure reflects the distal increase, while the pressure drop along the PCT is reduced due to the lower PCT flow and also the larger cross-sectional area of this compliant tubule. Figure 13 and Table 4 display segmental solute fluxes with osmotic diuresis, and the overall excretion profile is similar to the impact of SGLT2 inhibition. CNT Na ϩ delivery is 16.6 mol/min with approximately equal contributions from SF and JM nephrons; CNT Na ϩ reabsorption is 9.5 mol/min; and excreted Na ϩ is 5.1 mol/min (compared with 20.6, 10.1, and 7.6 mol/min with SGLT2 inhibition). The lower CNT Na ϩ delivery derives from the fact that despite the osmotic diuresis in the proximal tubule, there is still glucose-mediated Na ϩ uptake. With respect to K ϩ , CNT secretion is 5.3 mol/ min, CCD has a small secretory flux, and reabsorption in the remainder of the CD is 1.6 mol/min, so that excretion is 4.7 mol/min (basically identical to the distal K ϩ fluxes with SGLT2 inhibition). Compared with baseline, the striking difference in distal K ϩ fluxes is the diminished CD K ϩ reabsorption with higher flow. By virtue of the increased urine flow, the increase in urea excretion with osmotic diuresis is also comparable to the result with SGLT2 inhibition. With osmotic diuresis, HCO 3 Ϫ excretion increases to 0.34 mol/min (baseline 0.07 mol/min), reflecting the increase in urine flow plus the increase in urine HCO 3 Ϫ to 6.4 mM (pH 6.50). Luminal NH 4 ϩ concentration is 18 mM, although the increase in urine flow provides for an overall increase in NH 4 ϩ excretion to 0.93 mol/min (from baseline 0.63 mol/min). Despite the higher urine pH (compared with baseline), there is greater excretion of TA, 0.69 mol/min, and this is due to the phosphaturia (38% of filtered load, compared with 27% at baseline). The reduction in proximal tubule phosphate reabsorption derives from an increase in cytosolic Na ϩ that accompanies the increased Na ϩ -glucose uptake (thus decreasing the driving force for Na ϩ -H 2 PO 4 Ϫ cotransport). In sum, the increase in HCO 3 Ϫ and the increase in NH 4 ϩ excretion nearly balance, so with the small change in TA excretion, net acid excretion, 1.28 mol/min, is little different from the baseline rate (1.12 mol/min). 
SGLT2 Inhibition with Hyperglycemia
The calculations of Table 5 and Figs. 14, 15, and 16 are done with a 95% reduction in SGLT2 activity in both SFPCT and JMPCT, and ambient glucose at 10 mM. In Fig. 14 , the top pane displays luminal glucose concentration along SF nephrons and along the longest of the JM nephrons. Along both SFPCT and JMPCT, the glucose concentration increases from 10 to 14 mM; i.e., glucose reabsorption now lags behind volume reabsorption. Despite full SGLT1 function in PST, there are still small increases in glucose concentration in SFPST and JMPST, to 15 mM, and within the thin limbs, water reabsorption yields an increase in luminal glucose in both short and long loops, to about 24 and 43 mM, respectively, at their loop bends. At the point of mixing in early CNT, luminal glucose concentration is close to its concentration within SF DCT, and by the end of the collecting duct, urine glucose concentration has increased to 83 mM, with a final urine osmolality of 692 mosmol/kgH 2 O. The bottom pane of Fig. 14 displays the glucose flows within SF and combined JM nephrons, and then in the common CNT-CD. The filtered glucose load to SF and JM nephrons is 6.4 and 5.8 mol/min (Table 5 ). Due to TGF activation with glycosuria, these values are about 25% lower than with hyperglycemia alone (10 mM glucose), when filtered loads were 8.7 and 8.0 mol/min. Compared with normoglycemic (5 mM) SGLT2 inhibition (when glucose filtration was 3.5 and 3.2 mol/min), doubling the glucose concentration to 10 mM produced less than a doubling of the filtered load, reflecting stronger TGF activation with greater glycosuria. Of note, absolute PCT glucose reabsorption with hyperglycemia is little changed from normoglycemia, due to the overall decrease in fluxes that accompany TGF-mediated reduction in luminal flow velocity. In all, the combined filtered glucose load for the whole kidney is 12.1 mol/min, total proximal glucose reabsorption is 4.4 mol/ min (36%), and excreted glucose is 7.7 mol/min.
The top pane of Fig. 15 shows axial profiles of pressure in three nephrons (SF and short and long JM); the bottom pane shows volume flow along SF and the aggregate JM nephron population. Compared with baseline conditions, whole kidney GFR is decreased by about 21% to 1.21 ml/min, due to TGF activation by the increase in distal delivery (CNT flow increases 50% to 296 l/min); final urine flow, 93 l/min, is about five times baseline. Total PCT volume reabsorption is 530 l/min (44% of GFR), compared with 63% of GFR at baseline, and 52% of GFR with normoglycemic SGLT2 inhibition, illustrating abrogation of GTB due to high luminal glucose. Due to the increase in distal volume flow, distal hydrostatic pressures with SGLT2 inhibition and hyperglycemia are increased to 14.8 mmHg at initial CNT, and 10.8 mmHg at end-IMCD (compared with baseline 9.6 and 8.3 mmHg). With these distal pressures, early proximal pressures are high, about 19 -21 mmHg, although the pressure drop along the PCT is small, and the difference from early PCT to CNT (about 6 mmHg) is little different from the gradient under baseline conditions (about 5 mmHg). Figure 16 and Table 5 display segmental solute fluxes with SGLT2 inhibition and hyperglycemia (10 mM glucose). Overall, there is even greater excretion of Na ϩ , K ϩ , and urea than -240.
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240. was predicted with osmotic diuresis (30 mM glucose); net acid excretion was little changed. Distal Na ϩ delivery (to CNT) was 28.2 mol/min, and this may be viewed in the context of Na ϩ delivery at baseline, with normoglycemic SGLT2 inhibition, and with osmotic diuresis, 12.0, 20.6, and 16.6 mol/min. With increased delivery, there is a less than proportional increase in distal nephron (CNT plus CD) Na ϩ reabsorption of 13.9 mol/min (compared with 10.5, 13.1, and 11.5 mol/min at baseline, with normoglycemic SGLT2 inhibition, and with osmotic diuresis). Na ϩ excretion in this case is 14.3 mol/min, about 10 times baseline, and about 8% of filtered load. Both the increases in CNT Na ϩ delivery and volume flow per se increase K ϩ excretion. Enhanced CNT Na ϩ reabsorption takes K ϩ secretion from 4.7 (baseline) to 5.5 mol/min; beyond that, faster volume flow along the CD decreases total CD K ϩ reabsorption from 2.8 to 1.0 mol/min. The combined effect is an increase in K ϩ excretion from 2.8 to 5.7 mol/min, so that compared with baseline, the fractional excretion of K ϩ goes from 36 to 93%. The higher axial volume flows also produce a threefold increase in urea excretion. With higher distal flow, HCO 3 Ϫ excretion increases from 0.07 to 0.74 mol/min, reflecting the increase in urine flow plus the increase in urine HCO 3 Ϫ to 8.0 mM (pH 6.58). With the increase in urine pH, there is a decrease in urinary NH 4 ϩ concentration to 12.0 mM, although the increase in urine flow provides for an overall increase in NH 4 ϩ excretion from 0.63 to 1.12 mol/min. At higher urine pH, one would expect reduced TA excretion, but in fact it increases slightly (0.56 mol/min at baseline and 0.62 mol/min with SGLT2 inhibition and hyperglycemia). This reflects an increase in absolute phosphate excretion from 1.1 to 1.5 mol/min. With SGLT2 inhibition and hyperglycemia, fractional proximal tubule phosphate reabsorption decreases from a baseline of 73 to 52% of filtered load, and this is consistent with the magnitude of the overall flow-mediated reduction in PCT transport. In sum, counterbalancing changes in both HCO 3 Ϫ and NH 4 ϩ excretion yields little change in net acid excretion (1.12 to 0.99 mol/min).
DISCUSSION
The present model confers the ability to examine the impact of proximal events on distal transport, and to identify the contributions of SF and JM nephrons. In the whole kidney, there is convergence of SF and JM nephrons within the connecting segment, so that the distal nephron is the recipient of a mix of luminal fluid from the full ensemble of proximal tubules and Henle limbs. The importance of this exercise derives from the fact that proximal transport, at least for water or Na ϩ or HCO 3 Ϫ , is about an order of magnitude greater than distal transport. Thus even relatively small perturbations of proximal transport should have the capacity to swamp distal capacity and produce major derangements in renal solute excretion. There are at least two regulatory systems which act to protect the distal nephron from perturbations in proximal transport: GTB and TGF. GTB, which derives from flowdependent reabsorption, seems to be the more basic of the mechanisms, providing distal delivery at a relatively constant fraction of filtered load. TGF takes this homeostasis further, by modulating SNGFR to achieve an absolute target for distal load. It must be acknowledged that neither GTB nor TGF have been studied in JM nephrons, so that as a first approximation, representation of each process began with its SF formulation scaled to JM size and flow (40) .
A central feature of this model is that distal contributions of volume and solute from SF and JM nephrons are comparable, basically reflecting model design, with JM nephrons about a third of the total (14) and filtering at twice the rate of SF glomeruli (11) . Within the JM population, the exponential decrease in the number of Henle limbs as a function of inner medullary depth (halving with each millimeter) further diminishes functional differences between the two populations; i.e., most JM nephrons are relatively short-looped. If one looks beyond the overall distal contribution (identified here as presentation to CNT), there are, however, notable differences between SF and JM Henle loops: The bulk of distal urea delivery (about 75% under baseline conditions) derives from JM nephrons. With respect to Na ϩ and HCO 3 Ϫ , JM nephrons show diffusive reabsorption within tAHL, followed by medullary AHL fluxes that are lower than those of SF AHL; the net distal delivery for these two solutes is comparable for SF and JM nephrons. Diffusive thin limb HCO 3 Ϫ reabsorption derives from the estimate for tAHL Cl Ϫ permeability, and the assumption of HCO 3 Ϫ permeability about 20% that of Cl Ϫ (40); the increase in long loop HCO 3 Ϫ concentration (from late PCT to LOH) is due to water reabsorption and has been documented experimentally (9) . This model finding supports the speculation of DuBose and Lucci (8) that the long-loop HCO 3 Ϫ reabsorption, which persists despite carbonic anhydrase inhibition, may derive from favorable passive gradients for electrodiffusive flux of HCO 3 Ϫ . Table 6 provides a comparison of the inner medullary solute balance of this model with several prior models. The model of Stephenson et al. (27) is a model with a single full-length JM nephron to five SF nephrons, in which parameters were chosen to be close to those of the rabbit kidney. In that work, the flows were normalized, so that absolute medullary solute delivery is difficult to determine. The model of Thomas (28) is an update of the prior model of Wexler et al. (42) , in which there are two JM nephrons to four SF nephrons, and in which parameters are derived from the rat and hamster. The model of Layton (15, 16) is the conjunction of prior OM and IM models of the rat kidney (17, 18) , in which the ratio of SF to JM nephrons is 2:1, and in which there is an exponentially tapering number of medullary nephrons as one proceeds from IM base to tip. The kidney models of Thomas and Layton allow for a more direct comparison with the current work, and for those models the absolute IM flows in Table 6 were estimated from the published tubule flows by assuming 12,000 JM nephrons for each. Na ϩ fluxes are displayed in the top pane of Table 6 , in which IM delivery for this model can be seen to be midway between the models of Thomas and Layton. Na ϩ reabsorption, both absolute and relative, is greater in the present model than for the three prior models, and this derives from both lDHLl and tAHL Na ϩ reabsorption. In the case of urea (bottom pane), this model is closer to the entering flow of the Layton model, and the exiting flows are nearly identical to that model. Experimental determination of renal medullary solute balance does not exist, but there have been measurements of LOH solute concentrations by Jamison and coworkers (2) . Sampling fluid from LOH bends, they found fluid-to-plasma (TF/P) inulin ratio of 6.7, fluid osmolality 938 mosmol/kgH 2 O, Na ϩ of 344 mM, and K ϩ of 26 mM, so that TF/P(Na) ϭ 2.3 and TF/P(K) ϭ 5.8, and with that, fractional delivery of these solutes (relative to filtered load) was 39 and 94%, respectively (2). In another study by this group, in loops for which TF/P(inulin) ϭ 7, it was found that TF/P(urea) ϭ 40. In the present model, the JM nephron which descends 3 mm into the inner medulla appears to be closest to that of the experiments, in the sense that for this nephron under baseline conditions, TF/P(inulin) is 6.3, with fluid osmolality 932 mosmol/kgH 2 O, and TF/P for Na fluid K ϩ concentration. This derives from the fact that in this model, IM interstitial K ϩ was taken to be between 10 and 20 mM, while in the rats of these investigators, vasa recta plasma K ϩ concentration was 36 mM (2).
It must be acknowledged that the three models cited in Table  6 undertook computation of the medullary interstitial solute concentration profiles, which provided mass balance among the tubules, blood vessels, and CD (albeit for a limited set of solutes). In the present model, the focus has been on tubular function; there is no vasculature, and interstitial concentrations have been specified [ Table 3 of the companion paper (40) ]. One may still ask, how close the tubular fluxes from this model are to actually generating the interstitial profiles that have been set. That is addressed in Table 7 , in which the left panes summarize OM fluxes and the right panes IM fluxes for the baseline case (Table 1) . For the OM, the first three columns show total reabsorptive fluxes for the segments comprising SF loops, JM loops, and their sum with OMCD fluxes of volume, Na ϩ , K ϩ , HCO 3 Ϫ , NH 4 ϩ , and urea. The fourth column is the ratio of the solute to volume fluxes, i.e., a virtual concentration of the reabsorbed fluid. For the IM, the first column is the loop flux, the second combines this with IMCD fluxes, and the third column shows reabsorbate concentrations. For Na ϩ , both OM and IM reabsorbates are hypotonic to the interstitium. In a full medullary model, the OM would be receiving more concentrated Na ϩ solutions ascending from the IM vasculature, tending to support the interstitial concentration. For the IM, reabsorbate Na ϩ is hypertonic, but still less than the surrounding value (284 mM), and this despite ample Na ϩ reabsorption from JM loops. This suggests that to sustain the observed IM Na ϩ concentration, there may need to be reduced lDHLl water reabsorption. For K ϩ , the OM reabsorbate is consistent with the interstitial concentration, while the IM reabsorbate suggests an interstitial concentration higher than the specified 10 -20 mM. The case of HCO 3 Ϫ is more complex, as both OM and IM reabsorbates appear to be more acidic than their interstitium (25 mM) . In a full model, however, the interstitial base can be supported by tubular NH 4 ϩ secretion with reabsorption of NH 3 , and that process is not captured in this Table 7 suggests that in a full medullary model, IM NH 4 ϩ concentration will be less than the 9 mM used here, so that CD NH 4 ϩ could become reabsorptive and help support the interstitial concentration. Finally, OM urea handling shows an interstitial concentration, which is compatible with the tubule fluxes; however, IM urea fluxes cannot sustain the assigned concentration (500 mM), and this would be less in a full medullary model.
From the perspective of model construction, perhaps the most unique feature of this work is the role of luminal hydrostatic pressure as a model variable, which is more prominent than in prior models of the renal medulla. Luminal hydrostatic pressure plus PCT compliance were indispensable to representing GTB (41) . Retaining those features here added substantially to model complexity, however. The most obvious consequence of tracking hydrostatic pressures is the coupling of model nephrons. As the nephrons coalesce at CNT, there must be a unique CNT pressure, and the luminal pressure profiles for all nephrons must agree at that point. In consequence, if distal delivery from one nephron is altered, then the resulting change in distal hydrostatic pressure must be transmitted to all nephrons. Furthermore, by virtue of nephron compliance, and the impact of tubule flow velocity on reabsorption, there will be a change in distal delivery from the remaining nephrons. The fact that proximal fluxes are an order of magnitude greater than distal flows implied that such perturbations could not be ignored. Thus representing hydrostatic pressure mandated internephron coupling and simultaneous solution of the full ensemble of tubules. This aspect of the model can be viewed as a precursor to a more complete kidney model, in which medullary interstitial concentrations also couple the nephrons. With hydrostatic pressure, however, there appears to be a destabilizing aspect to the problem due to the fact that increases in distal pressure will tend to diminish proximal reabsorption (enhancing distal flow, and further elevating distal pressure). As a consequence, the Newton procedure for updat--240.
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30. ing the unknown proximal tubule pressures could not be counted on to make large corrections, but rather needed to start reasonably close to the ultimate solution.
Renal glucose transport is a natural first focus for a model of this scope, as it is an example of a proximal event with distal consequences. The three cases considered are hyperglycemia without glycosuria, inhibition of PCT glucose transport, and osmotic diuresis. The impact of glucose ingestion on renal electrolyte excretion has been a focus of investigation for over half a century, with the robust observation that provision of glucose (especially to previously fasted individuals) leads to renal Na ϩ retention (3). In humans fasted overnight and receiving a water load (presumably suppressing ADH), challenge with a glucose load produced a prompt fall in urine output, and a fall in both Na ϩ and K ϩ excretion (20) . Lindeman et al. (20) reasoned that in view of ADH suppression, the drop in urine flow must derive from enhanced proximal reabsorption; they viewed the parallel fall in Na ϩ and K ϩ excretion as confirming that the impact on transport was occurring in an aldosteroneinsensitive portion of the nephron. In a more comprehensive study, Lennon et al. (19) confirmed that glucose administration produced a fall in urine flow, and reduced excretion of Na ϩ , K ϩ , urea, and HCO 3 Ϫ , and also increased urinary NH 4 ϩ and phosphate excretion, so that net acid excretion rose. Noting that glucose reduced the estimated fractional AHL delivery, (C Na ϩC H2O )/GFR, and finding a negative correlation of glucose reabsorption with Na ϩ excretion, these workers proposed that increased glucose availability in the proximal tubule stimulated Na ϩ reabsorption there. This view received prompt confirmation in reports of microperfused rat and rabbit PCT, in which glucose addition to the luminal perfusate sharply increased volume reabsorption (5, 33) . Subsequent microperfusion of diabetic rats documented that the increased proximal Na ϩ reabsorption produced by a glucose load was similar to the increase in normal rats (1) . Whether the impact of glucose administration in vivo is wholly attributable to its increased luminal concentration profile along the proximal tubule is uncertain. Following the glucose load, there is an increase in plasma insulin concentration, and insulin by itself decreases urinary excretion of Na ϩ and K ϩ in the isolated perfused dog kidney (24) , and in the glucose-clamped kidney in vivo (6) . Of note, when DeFronzo et al. (6) did proximal micropuncture on dogs receiving glucose infusions, they found no increase in proximal Na ϩ reabsorption. In interpreting those results, however, it should be considered that the dogs were receiving a saline infusion and the observed TF/P inulin ratios were low (1.3-1.6 range), suggesting either a limited portion of the tubule was available for sampling, or that the animals were quite volume expanded. Hyperglycemia without osmotic diuresis is a common occurrence in diabetes and has been thought to be pathogenic in diabetic nephropathy. As envisioned by Vallon and coworkers (30, 31) , a "primary" increase in proximal reabsorption by the diabetic kidney reduces distal delivery, activates TGF, and thus provokes glomerular hyperfiltration. The mechanism underlying this primary increase in proximal Na ϩ reabsorption is uncertain. What an early PCT model provided for this discussion was quantitative support for the action of enhanced Na ϩ -glucose cotransport to mediate increased PCT Na ϩ uptake during mild hyperglycemia (34) . The recent addition of a PST and LOH supplied the observation that the calculated reduction in distal Na ϩ delivery would be of sufficient magnitude to activate TGF to generate detectable hyperfiltration (40) . What the current work adds is the prediction that the expected reduction in distal Na ϩ delivery could reduce both urine volume and K ϩ excretion to Ͻ50% of baseline values. This result may also be viewed in the context of diabetic K ϩ intolerance. Alternatively, this model behavior at low flows suggests that another, and perhaps important, aspect of distal transport regulation may be missing from the model. Satlin and coworkers (26) have called attention to a steep flow dependence of CCD Na ϩ reabsorption, especially at low perfusion rates. If that feature were included in this simulation, perhaps throughout the CD, one might predict better preservation of urine volume flow, and reduction of CD K ϩ reabsorption when distal flow is reduced.
The recent development of safe and specific inhibitors of SGLT2 has rekindled interest in renal glucose metabolism. One point of concern in the adoption of these drugs was the possibility of osmotic diuresis, but although there is evidence for natriuresis and volume depletion, the problem has not been severe (43) . Indeed, the observation is that the drugs inhibit Ͻ50% of the reabsorption of filtered glucose (21) . In large part, this is due to the fact that SGLT2 and SGLT1 are situated in series, so that with SGLT2 inhibition, there is enhanced glucose transport via SGLT1 (25) . The current model captures that pattern of renal glucose transport in the simulation in which 95% of SGLT2 activity has been inhibited under normoglyce- LOH-SF, net OM reabsorption from SFPSTϩsDHLϩAHLm for SF nephrons; LOH-JM, net OM reabsorption from JMPSTϩlDHLuϩAHLm for JM nephrons; LOHϩOMCD, sum of reabsorption from LOH-SFϩLOH-JMϩOMCD; LOH-IM, net IM reabsorption from lDHLlϩtAHL; LOHϩIMCD, sum of reabsorption from LOHϩIMCD; Tv, volume reabsorption from the indicated tubules; Tk, solute reabsorption from the indicated tubules; Tk/Tv, virtual concentration of either OM or IM solute entry to OM or IM volume entry. mic conditions, and 36% of the filtered glucose load appears in the urine. With SGLT2 inhibition, the model kidney shows increased distal solute delivery, activation of TGF, reduction in GFR, and overall, a 29% reduction in proximal Na ϩ reabsorption. When Thomson and colleagues (29) performed micropuncture on hyperglycemic rats treated with the SGLT2 inhibitor dapagliflozin, they found that acute drug application increased distal Cl Ϫ delivery, lowered SNGFR, and reduced proximal volume reabsorption by 24%. One unanticipated observation from the model kidney was the impact on TGF, comparing the diuresis of SGLT2 inhibition with the osmotic diuresis of hyperglycemia. In the two simulations, CNT fluid delivery was comparable, but the reduction in GFR was several-fold greater with SGLT2 inhibition, due to higher end-AHL Cl Ϫ concentration with SGLT2 inhibition. In the case that mild hyperglycemia is superimposed on SGLT2 inhibition, model calculations suggest that natriuresis may be severe, reflecting synergy of a proximal diuretic and osmotic diuresis.
In sum, this mathematical model of the full ensemble of renal tubules from the rat kidney provides a comprehensive simulation: by virtue of the number of solutes that it tracks, its attention to renal cortical transport, its inclusion of luminal hydrostatic pressure, and its representation of two key homeostatic mechanisms, GTB and TGF. Model calculations suggest that hyperglycemia per se may drive proximal Na ϩ reabsorption and reduce distal delivery, and may thus be a proximate cause for TGF-mediated glomerular hyperfiltration. In this regard, SGLT2 inhibition as part of a diabetic treatment plan targets the pertinent pathophysiology (39) . Consistent with experimental observations, the model predicts that under normoglycemic conditions and with SGLT2 inhibition by 95%, about 60% of filtered glucose will still be reabsorbed, so that profound glycosuria is not to be expected. Model calculations suggest that the diuresis of SGLT2 inhibition and glucosedriven osmotic diuresis will differ in NaCl delivery to the macula densa, so that SGLT2 inhibition is more likely to activate TGF. Finally, model calculations suggest that in the presence of SGLT2 inhibition, the individual will have enhanced susceptibility to osmotic diuresis with even modest degrees of hyperglycemia; the natriuresis in this setting may be severe.
